The nucleotide sequences of the D-loop region and its flanking genes of the mitochondrial DNA (mtDNA) from Japanese pond frogs were determined by the methods of PCR, cloning, and sequencing. The frogs belonged to two species, one subspecies, and one local race. The gene arrangements adjacent to the D-loop region were analyzed. The frogs shared a unique mitochondrial gene order that was found in Rana catesbeiana; i.e., cyt b -D-loop region -tRNA Leu(CUN) -tRNA Thr -tRNA Pro -tRNA Phe -12S rRNA. The arrangements of the three tRNA genes of these frogs were different from those of X. laevis, a species which has the same overall structure as in mammals. Highly repetitive sequences with repeat units (16-bp or 17-bp sequence specific for each taxon) were found in the D-loop region. The length of repetitive sequences varied from 0.6 kbp to 1.2 kbp, and caused the extensive size variation in mtDNA. Several short sequence elements such as putative TAS, OH, CSB-1, and CSB-2 were found in the D-loop region of these frogs. The sequences of these short regulatory elements were conserved in R. catesbeiana, X. laevis, and also in human. The comparison of sequence divergences of the D-loop region and its adjacent genes among various taxa revealed that the rates of nucleotide substitutions depend on genes. The nucleotide sequences of the 3'-side segment of the D-loop region were the most variable among taxa, whereas those of the tRNA and 12S rRNA genes were the most conservative.
INTRODUCTION
Mitochondrial DNA (mtDNA) of most animals ranges in size from 16 kbp to 20 kbp and encodes 13 protein subunits, 22 tRNAs, and two rRNAs. The only substantial noncoding segment, the so-called control region or displacement loop (D-loop), encompasses the sites of initiation of H-strand replication and both H-and L-strand transcription. The D-loop (control) region, the most rapidly evolving part of the animal mitochondrial genome (Brown, 1985) , has short sequence elements conserved among most vertebrates studied (Clayton, 1992; Wolstenholme, 1992) . Because of the short regulatory elements it contains and its propensity for rapid change, the D-loop region is one of the most interesting parts of the vertebrate mitochondrial genome. Several detailed comparisons of the D-loop region in mammalian mtDNA have been published (Brown et al., 1986; Saccone et al., 1987 Saccone et al., , 1991 Hoelzel et al., 1991) . Substantial length variation has been found in the D-loop region of many mammalian and fish mtDNA (Moritz et al., 1987 : Rand, 1993 . In addition to length variation, substantial nucleotide sequence variability in the D-loop region has been recorded both within and between species (Aquadro and Greenberg, 1983; Foran et al., 1989; Shaffer and McKnight, 1996) . However, there is still comparatively little information available about the structure, function, and evolution of the D-loop region in all but a few amphibian species.
Back in the 1950s', Japanese pond frogs were divided into five races based on morphological characteristics and distributional differences: the nigromaculata common race, Niigata intermediate race, Tokyo intermediate race, Nagoya brevipoda race, and Okayama brevipoda race (Moriya, 1954) . Of these five races, the nigromaculata common race is reproductively isolated from the other four races by complete hybrid male sterility (Moriya, 1960a, b) . Based on these observations, Kawamura (1962) classified these five races into two species and one subspecies: Rana nigromaculata Hallowell (nigromaculata common race), Rana brevipoda brevipoda Ito (Okayama and Nagoya brevipoda races), and Rana brevipoda porosa Cope (Tokyo and Niigata intermediate races) . Matsui and Hikida (1985) thought it more suitable to replace the term brevipoda with its senior synonymous porosa, giving priority to Cope's (1868) name, and they proposed that the two subspecies should be called R. porosa porosa Cope and R. porosa brevipoda Ito. Phylogenetic relationships among Japanese pond frogs have been examined by elecrtrophoretic analyses of several enzymes, blood proteins (Sumida, 1980; Nishioka et al., 1981 , and nucleotide sequences of the cyt b and 12S rRNA genes .
In this study, we characterized the sequence variations and the structural features of the mtDNA D-loop region and its flanking genes in Japanese pond frogs in order to investigate the usefulness of mtDNA as a marker of the degree of differentiation during the process of speciation of these animals.
MATERIALS AND METHODS
MtDNA sources. Japanese pond frogs belonging to five populations of two species, one subspecies, and one local race were used (Table 1) . Mitochondrial DNA was extracted from the liver or ovaries of each frog and purified by CsCl-EtBr density gradient centrifugation according to the method reported by Sumida (1997) . MtDNA fragments for sequencing were obtained by PCR amplification in R. porosa and by cloning in R. nigromaculata. The nucleotide sequences and gene arrangements of R.
catesbeiana (Yoneyama, 1987) , Xenopus laevis (Roe et al., 1985; Dunon-Bluteau and Brun, 1986) , and R. limnocharis (Macey et al., 1997) were used for an outgroup (Table 1) .
PCR amplification.
A pair of PCR primers (F17 and R16) designed by to cover the D-loop region and flanking genes were used for amplification of R. porosa mtDNA. PCR mixtures were prepared with a TaKaRa LA Taq TM Kit as recommended by the manufacturer (TaKaRa) in a final volume of 50 µl. The fragments were amplified by an initial denaturation at 94°C for 1 min, 30 cycles consisting of denaturation at 94°C for 20 sec and annealing and extension at 60°C for 3 min, and then a final extension at 72°C for 10 min. To detect PCR products, 3 µl of the reaction mixture was applied to a gel of 1% SeaKem ME agarose (FMC BioProduct) and electrophoresed in the standard 1 × TAE buffer. The gel was stained with 0.1 µg/ml ethidium bromide for 20 min. The PCR products were purified by MicroSpin TM S-300 HR Columns (Pharmacia Biotech) and used for sequencing.
Cloning. After digestion of R. nigromaculata mtDNA with restriction enzyme EcoR I, an 8.8-kbp fragment containing the entire D-loop region and flanking genes was cloned into pBluescript II SK(+) (Stratagene), and then subcloned into pUC19 (Toyobo). Deletion mutants were produced from subcloned plasmid digested with Sse8387 I and Xba I using a TaKaRa Kilo-Sequence Deletion Kit as recommended by the manufacturer (TaKaRa). Cloned DNA was purified by the alkaline lysis method (Davis et al., 1986) for sequencing.
Sequencing and data analysis. Purified DNA was sequenced by the DyeDeoxy TM Terminator Cycle Sequencing method using 373A DNA Sequencing System Ver. 1.2 (ABI). The PCR products were sequenced using internal primers listed in Table 2 Yoneyama (1987) . b) Macey et al. (1997) . c) Roe et al. (1985) and Dunon-Bluteau and Brun (1987) . All specimens used in the present study are preserved in the Laboratory for Amphibian Biology of Hiroshima University.
various clones were sequenced using universal primers: M13-RV, M13-M4, T7 and T3. Nucleotide sequences were analyzed using DNASIS (Ver. 3.2, Hitachi Software Engineering). The nucleotide sequences are shown as the L-strand from the 5' to 3' end. The haplotypes of nucleotide sequences are abbreviated as shown in Table  1 . Sequence divergences among haplotypes were calculated by Kimura's two-parameter method (Kimura, 1980) using the program DNADIST included in version 3.5c of PHYLIP (Felsenstein, 1993) . Phylogenetic relationships were analyzed by the NJ method (Saitou and Nei, 1987) , and were tested by bootstrapping (Felsenstein, 1993) . Nucleotide sequences were deposited in DDBJ, EMBL, and GenBank nucleotide sequence databases with the fol- Fig. 2 . Gene arrangements between the cyt b gene and the 12S rRNA gene in the mtDNA of the Japanese pond frogs. L, tRNA Leu(CUN) ; T, tRNA Thr ; P, tRNA Pro ; F, tRNA Phe . TAS, termination associated sequence; OH, H-strand origin of replication; CSB, conserved sequence block. The numbers (bp) represent the approximate length of the whole set of tandem repeats.
lowing accession numbers AB036396 -AB036405.
RESULTS

Gene arrangement
Nucleotide sequences and gene arrangement were determined in the D-loop and flanking regions for the Japanese pond frogs. Sequences obtained from the Japanese pond frogs had a unique mitochondrial gene arrangement of cyt b -D-loop region -tRNA Leu(CUN) -tRNA Thr -tRNA Pro -tRNA Phe -12S rRNA (Fig. 2 ). This gene arrangement is identical to that of R. catesbeiana, but it differs from the gene arrangements of R. limnocharis and X. laevis in one and three tRNA genes, respectively ( Fig. 3 ). 
Comparison of gene arrangements among several amphibian species: R. catesbeiana (Yoneyama, 1987) , R. limnocharis (Macey et al., 1997) , and X. laevis (Roe et al., 1985) . L, tRNA Leu(CUN) ; L2, tRNA Leu (pseudogene) ; T, tRNA Thr ; P, tRNA Pro ; F, tRNA Phe .
Nucleotide sequences and structural features (a) D-loop region
(i) Length variation PCR resulted in amplification products that varied in length between individuals ( Fig. 4 ). PCR products amplified by F20 and R21, a pair of primers which cover the whole D-loop region (see Fig. 1 ), were 2.3~2.9 kbp in length. Direct sequencing of each product revealed that the fragments differed in length due to the number of copies of tandem repeats in the D-loop region.
(ii) Short sequence elements
The D-loop region was divided into three segments based on the nucleotide sequences: 5'-side, repeat, and 3'side ( Fig. 1) . Notable structural features identified in the 5'-side segment of the D-loop region of the Japanese pond frogs are illustrated in Fig. 2 . This segment contains apparent homologues of the CSBs, TAS, and OH identified Fig. 4 . PCR products amplified by a pair of primers (F20 and R21) which cover the entire D-loop region of the Japanese pond frogs (see Fig. 1 ). M, λ-DNA digested with EcoT14 I as molecular weight standards; 1, R. nigromaculata; 2, R. p. porosa; 3, R. p. brevipoda (Okayama race); 4, R. p. brevipoda (Nagoya race) from Maibara; 5, R. p. brevipoda (Nagoya race) from Tatsuta. in other vertebrate D-loop regions. The presence of putative CSBs, TAS and OH elements implies that the frog Dloop region is functionally analogous to the same region in other vertebrate mtDNAs. These short sequence elements are highly conserved not only in other anuran species such as R. catesbeiana and X. laevis but also in human (Table 3 ).
(iii) Repetitive sequences
Aside from the short sequence elements stated above, there are also tandem repeat sequences in the repeat segment of the D-loop region. The sequences of tandem repeat units (16 bp or 17 bp) are shown in Table 4 . All repeats had similar sequences and variable positions (Table 4 ). Based on the size of PCR products, the approximate size of the whole set of repetitive sequences was estimated to be 0.6~1.2 kbp, and the approximate number of copies of repeat units was deduced to be 35~70 (Table  4 ). The repeat segment was so long that the exact length of the whole set of repetitive sequences could not be determined.
(iv) Base usage
The nucleotide composition of the three segments in the D-loop region is shown in Table 5 . All three segments, particularly the repeat segment consisting of the repetitive sequences, were A + T rich (56~74%). The 3'-side segment was characterized by a substantially lower G content (7~8%) than the 5'-side segment (13~14%).
(b) Flanking genes (i) cyt b gene
Nucleotide sequences were determined in a 444-bp segment of the cytochrome b (cyt b) gene of the Japanese pond frogs, and amino acid sequences were deduced from their nucleotide sequences ( Fig. 5 ). Although most nucleotide substitutions were situated at the third codon position and were silent mutations, three amino acid replacements occurred within the frogs. Amino acid replacements occurred at 11 residues in the ingroup Japanese pond frogs and the outgroup R. catesbeiana combined, and at 42 resi- repeat unit repetitive sequences (Yoneyama, 1987) , and X. laevis (xeno) (Roe et al., 1985) . The abbreviations of haplotypes are shown in Table 1 . Fig. 6 . Aligned sequences of a 284-bp segment of four tRNA genes from the Japanese pond frogs and R. catesbeiana (cates) (Yoneyama, 1987) . The L-strand sequences are shown from left to right (5' 3'). Polarity of the tRNA genes is indicated by arrows. The abbreviations of haplotypes are shown in Table 1 . dues in the ingroup Japanese pond frogs and the outgroup X. laevis combined.
(ii) tRNA genes The nucleotide sequences of four tRNA genes are shown in Fig. 6 . These four tRNA genes were compactly packed, and there were very few or no nucleotides between genes. Of these four tRNA genes, the tRNA Pro gene is the only one gene encoded by L-strand. The nucleotide substitutions occurred at seven sites within the ingroup, and at 35 sites in the ingroup and outgroup combined. Proposed secondary structures of these tRNA genes are presented in cloverleaf structure (Fig. 7) . All these tRNA genes can fold into configurations resembling the four-armed secondary structures of the nuclear-encoded tRNA genes.
(iii) 12S rRNA gene Nucleotide sequences were determined in a 409-bp segment of the 12S rRNA gene of the Japanese pond frogs. The sequenced 409-bp segment provided 17 variable sites among the Japanese pond frogs, but as many as 57 sites, including four gaps, in the ingroup Japanese pond frogs and the outgroup R. catesbeiana combined. This segment also provided 130 variable sites including 15 gaps in the ingroup Japanese pond frogs and the outgroup X. laevis combined.
Sequence divergences at various taxonomic levels and phylogeny
Percent divergences were estimated by Kimura's twoparameter method among haplotypes of nucleotide sequences of the cyt b gene (Table 6) , the tRNA and 12S rRNA genes (Table 7) , and the 5'-and 3'-side segments of the D-loop region ( Table 8 ). The final estimations are summarized at various taxonomic levels in Table 9 and Abbreviations of haplotypes are given in Table 1 . Parentheses show the numbers of transition (Ts) and transversion (Tv) sites (Ts / Tv), and asterisked figures are the numbers of gaps (G*) (Ts / Tv / G*). Fig. 8 , and phylogenetic relationships were analyzed by the NJ method from nucleotide sequences of each gene (Fig. 9) . These data revealed that the degree of divergence at each taxonomic level depended on the genes or segments.
(i) Gene arrangement Mitochondrial gene arrangements of the Japanese pond frogs are identical, and there is no rearrangement at the levels of local race, subspecies, and sibling species. However, there are some rearrangements involving several tRNA genes at the levels of nonsibling species, genus, or family (Table 9 , Fig. 3 ).
(ii) cyt b gene
The percent divergences of nucleotide sequences of the cyt b gene were 0.91, 3.92, 4.23, 11.66, 24.43, and 45.02 at the levels of population, local race, subspecies, sibling species, nonsibling species within genus, and genus (or family), respectively (Tables 6 and 9, Fig. 8 ). The percentages of transitions in nucleotide substitutions were 79.6, 62.0 and 40.5 at the taxonomic levels of sibling species, nonsibling species and genus, respectively ( Table  6 ). The percentages of transitions usually decrease and reach a plateau around 40 ~ 50%, where multiple substitutions begin occurring at the same site (Brown et al., 1982; Hedges et al., 1991 . Thus, the nucleotide sequence divergences of the cyt b gene are supposed to be adequate to resolve phylogenetic relationships at the levels of taxa lower than nonsibling species within genus (Fig.  9A) . On the other hand, the percent divergences of the amino acid sequences deduced from the nucleotide sequences of the 444-bp segment of the cyt b gene were 0.68, 1.02, 1.13, 0.85, 7.07, and 28.80 at the six taxnomic levels stated above, respectively (Tables 6 and 9, Fig. 8 ). The amino acid sequences are conservative, and the percent divergences of these amino acid sequences are informative at the levels of higher taxa such as nonsibling species within genus, genus, and family (Table 9 , Fig. 8 ).
(iii) tRNA and 12S rRNA genes The tRNA and 12S rRNA genes are the most conservative in the present study. The percent divergences of nucleotide sequences of these genes were extremely small (0 ~ 0.35%) and not informative at the populational, racial, and subspecific levels (Tables 7 and 9, Fig. 8 ). The percent divergences of the tRNA genes were 2.26, 13.61 and 30.67 at the levels of sibling species, nonsibling species within genus, and genus (or family), respectively (Tables 7 and 9, Fig. 8) , and the percentages of transitions of the tRNA genes were 84.1, 84.0 and 68.2 at these three taxonomic levels, respectively ( Table 7) . The percent divergences of the 12S rRNA gene were 4.14, 12.21 and 35.44, and the percentages of transitions were 87.7, 66.9 and 54.6 at these three taxonomic levels, respectively (Tables 7 and 9, Fig. 8) . Thus, the tRNA and 12S rRNA genes are supposed to be adequate for resolving the phylogenetic relationships at the levels of taxa higher than spe-cies ( Fig. 9B, C) .
(iv) D-loop region
The 5'-side segment of the D-loop region contains several short conservative sequence elements. The percent divergences of this segment were 0.88, 2.52, 3.74, 11.83, and 58.46 at the levels of population, local race, subspecies, sibling species, and nonsibling species within genus, respectively (Tables 8 and 9, Fig. 8 ). The percentages of transitions in nucleotide substitutions were 74.1, 56.8, 48.3 and 36.8 at the levels of local race, subspecies, sibling species and nonsibling species, respectively (Table  8 ). Furthermore, there were large deletions or insertions in the 5'-side segments of the Japanese pond frogs and R. catesbeiana. Thus, this segment is supposed to be adequate for resolving phylogenetic relationships at the levels of taxa lower than sibling species (Fig. 9D) . On the other hand, the short 3'-side segment of the D-loop region was the most highly variable in the present study. The percent divergences of this segment were 3.32, 14.52, 20.48 and 55.53 at the taxonomic levels of population, local race, subspecies and sibling species, respectively (Tables 8 and 9 , Fig. 8 ). The percentages of transitions in nucleotide substitutions were 80.8, 61.8 and 44.2 at the levels of local race, subspecies and sibling species, respectively (Table 8 ). The nucleotide sequences of this segment of the Japanese pond frogs could not be aligned with that of R. catesbeiana. Thus, the 3'-side segment is informative only at the lower taxonomic levels such as population, local race, and subspecies (Table 9, Fig. 8 ). With the exception of several short conservative sequence elements, the nucleotide sequences of the D-loop region of the Japanese pond frogs could not be aligned with that of X. laevis.
DISCUSSION
Gene arrangements. The mitochondrial gene arrangement is highly conserved among vertebrates. In amphibians, a complete gene arrangement reported in Xenopus laevis (Roe et al., 1985) is identical to the arrangement in mammals such as human and mouse. Partial gene arrangements in the D-loop and its flanking regions have been determined in R. catesbeiana (Yoneyama, 1987) , Rh. taipeianus and Rh. moltrechti (Yang et al., 1994) , A. tigrinum (Shaffer and McKnight, 1996) , and R. limnocharis (Macey et al., 1997) . The present study showed that the Japanese pond frogs had the same gene arrangement as R. catesbeiana, that is, cyt b -D-loop region -tRNA Leu(CUN) -tRNA Thr -tRNA Pro -tRNA Phe -12S rRNA. This arrangement differs from the arrangements of X. laevis and R. limnocharis in three and one tRNA genes, respectively (Fig. 3) . It is evident that the tRNA gene arrangements changed in the process of evolution of anurans, even within the genus Rana. However, it is necessary to determine the complete mitochondrial gene arrangement of the Japanese pond frogs to elucidate the whole aspect of gene rearrangement during the evolutionary process.
Repetitive sequences and length variation in the D-loop region.
The present study revealed that the large length variation in the D-loop region was caused by the differences in the number of copies of the tandem repeats. Variations in mtDNA length derived from tandem repeats in the D-loop region have been previously identified in many animal mtDNAs (reviewed in Moritz et al., 1987; Wolstenholme, 1992; Rand, 1993) . The number of copies of the tandem repeats also varies between individuals within a species (Wilkinson and Chapman, 1991; Yang et al., 1994; Tsuda et al., 1997) . The mechanisms proposed to explain length variation in animal mtDNAs have included intra-and intermolecular recombination (Rand and Harrison, 1989) , replication slippage (Wilkinson and Chapman, 1991) , and transposition (Rand and Harrison, 1989) . Because all repeats in the Japanese pond frogs have similar sequences and variable positions, the length variation in these species is also thought to be caused by mechanisms such as intra-and intermolecular recombination or replication slippage.
Repetitive sequences have been reported in the 5'-end of the D-loop region in several anuran species such as X. laevis (2 copies of a 45-bp sequence, Wong et al., 1983; Roe et al., 1985) , Rh. taipeianus (4 or 5 copies of a 40-bp sequence, Yang et al., 1994) , and R. catesbeiana (6 copies of a 40-bp sequence, Yoneyama, 1987) . Based on the sequence similarities, these repetitive sequences have been explained as part of the termination associated sequence (TAS) elements that serve as recognition signals for the arrest of the H-strand synthesis (Dunon-Bluteau and Brun, 1987; Yoneyama, 1987) . The present study revealed that the Japanese pond frogs have 16-or 17-bp repetitive sequences, in variable numbers of copies (approximately 35-70 copies), not in the 5'-end of the D-loop region but near the 3'-side segment of the D-loop region. In R. catesbeiana, 9 copies of the 11-bp repetitive sequence were also reported near the 3'-end of the D-loop region. The repetitive sequences of the Japanese pond frogs cannot be explained as parts of the TAS mentioned above. Yet, there is no clearly known function for these long repetitive sequences (0.6 ~ 1.2 kbp). Future studies will explain why the Japanese pond frogs have such long repetitive sequences near the 3'-side segment of the D-loop region, and they will also clarify how to determine the sequences through the whole series of tandem repeats.
Conservative elements in the D-loop region.
Although the D-loop region sequence is, in general, poorly conserved between species, comparative analysis of the 5'-side segment of the D-loop region in several anuran species and human led to the proposal of homologous sequences such as TAS, OH, CSB-1, and CSB-2. The sequence similarities of putative TAS between the Japanese pond frogs, and R. catesbeiana, X. laevis, and human were 73%, 67%, and 60%, respectively. Those of putative CSB-1 were 89%, 83%, and 83%, respectively, and those of putative CSB-2 were 94%, 85%, and 65%, respectively. The putative CSB-1 and CSB-2 elements were the most highly conserved portions (65 ~ 94% identity in pairwise comparison), and the putative TAS element was conserved at a slightly lower level (60 ~ 73% identity). On the other hand, the putative OH element was conserved among anurans (63 ~ 73%), but not between anurans and human. The presence of putative TAS, OH, and CSB elements implies that the D-loop region of the Japanese pond frog is functionally analogous to the same region in other vertebrate mtDNAs. Comparative study of three regulatory elements can be expected to provide insights into the evolution of the mitochondrial replication and transcription machinary.
Sequence divergences at various taxonomic levels and phylogeny.
Many recent studies have reported on amphibians using mtDNA sequences to reconstruct intraand interspecific phylogenies using the cyt b gene, ND1 gene, and D-loop region sequences (Moritz et al., 1992; Shaffer and McKnight, 1996; García-París et al., 1998; Tanaka et al., 1994 Tanaka et al., , 1996 Tanaka et al., , 1998 Tanaka-Ueno et al., 1998a, b; Macey et al., 1998; Sumida et al. , 2000 Lee et al., 1999) . Intergeneric, interfamily, and interorder phylogenies have been studied using the 12S and 16S rRNA gene sequences Hay et al., 1995; Titus and Larson, 1995; Ruvinsky and Maxson, 1996; Moore, 1996, 1998; Kobel et al., 1998) . On the other hand, the homologies or differences of each mitochondrial gene or D-loop region have been recently reported among several related animal species based on the complete nucleotide sequences of mitochondrial genomes (Giorgi et al., 1996; Lopez et al., 1996; Xu et al., 1996; Härlid et al., 1997; Kim et al., 1998; Sumida et al., in preparation) . These studies showed that the degrees of homologies between mtDNAs varied according to the individual genes. According to these studies, the most conservative protein-coding genes were COI and COIII, followed by cyt b. The most conservative tRNA gene was tRNA-Met, followed by tRNA-Leu (UCN). The 12S and 16S rRNA genes also revealed a high degree of homologies, whereas the D-loop region was the most variable in the mtDNA. In the present study comparing the nucleotide sequence divergences of the D-loop region and flanking genes in the Japanese pond frogs, the rates of sequence divergences at various taxonomic levels were also revealed to be gene-dependent. The nucleotide sequences of the cyt b gene or D-loop region are adequate for resolving relationships among closely related taxa such as local race, subspecies, or sibling species (Fig. 9 ). On the other hand, the cyt b amino acid sequences and the nucleotide sequences of the 12S rRNA and tRNA genes are useful in examining the phylogenetic relationships among higher taxa such as nonsibling species, genus, or family ( Fig. 9) .
According to the present study, the percent sequence divergences between two Japanese pond frog species R. nigromaculata and R. porosa were 2.14 ~ 2.50 (x = 2.26), 4.05 ~ 4.31 (x = 4.14) , 11.41 ~ 11.92 (x = 11.66), and 51.68 5 8.84 (x = 55 .53) at the tRNA genes, the 12S rRNA gene, the cyt b gene, and the 3'-side segment of the D-loop region, respectively. These results may imply that the rate of sequence change for the 12S rRNA gene is two times greater than that for the tRNA genes, that the rate of sequence change for the cyt b gene is two or three times greater than that for the 12S rRNA gene (Sumida et al., , 2000 , and that the rate of sequence change for the 3'-side segment of the D-loop region is five times greater than that for the cyt b gene and rapidly evolving. The genetic divergences between the two Japanese pond frog species were also reported by allozyme analysis . The genetic distances between R. nigromaculata and R. porosa estimated from allelic frequencies were 0.431 ~ 0.684 (x = 0.523). Applying the equation of T = 5 × 10 6 D (Nei, 1975 (Nei, , 1987 , previous allozyme data suggest that the two Japanese pond frog species diverged about 2.6 MYA. Based on this divergence time between two species, the rates of mtDNA evolution for the Japanese pond frogs was roughly estimated to be 0.9% per Myr in the tRNA genes, 1.7% per Myr in the 12S rRNA gene, and 4.4% per Myr in the cyt b gene. The rate of mtDNA evolution was estimated to be 2~4% nucleotide sequence divergence per Myr in primates (Brown, 1985; Brown et al., 1979) . Similarity between the primate calibration and rates estimated for other vertebrates has led to the widespread assumption of a constant molecular clock in vertebrates Moritz et al., 1987; Shields and Wilson, 1987 ; Irwin et al., 1991) , although slower rates of mtDNA evolution have recently been reported in poikilothermic vertebrates (Martin et al., 1992; Rand, 1994; Shaffer and McKnight, 1996; Macey et al., 1998) . Macey et al. (1998) estimated that the rate of mtDNA sequence divergence for the anuran Bufo was 1.38% per Myr. The rates of mtDNA divergence for the Japanese pond frogs evidently depend on the genes and are almost compatible with those for the other vertebrates mentioned above.
